We present a theoretical investigation of lattice dynamical properties, the zone boundary phonons, elastic properties, sound velocities and the Debye characteristic temperature for 3C-SiC using eleven parameter threebody shell model with both the ions polarizable. We compare our calculated results with the experimental and theoretical results.
Introduction
Silicon carbide in cubic phase (3C-SiC) is a wide band gap semiconductor and has many technological applications in optoelectronic devices and for high-power, hightemperature applications due to its many unique properties such as low density, high strength, high melting point, high hardness large thermal conductivity, high breakdown voltage, and outstanding mechanical and chemical stability.
Recently, the lattice dynamical properties of SiC in zinc-blende (ZB) phase are studied by many researchers using first principles methods [1] [2] [3] [4] and phenomenological models [5, 6] . But the exact information about dynamical properties is still missing. Therefore in the present paper, we used eleven parameter three-body shell model with both the ions polarizable and investigated the lattice dynamical properties such as phonon dispersion relations, phonon density of states, variation of the Debye temperature with absolute temperature, zone-boundary phonons, elastic constants, mechanical properties of SiC in ZB phase.
Potential model
In three-body shell model proposed by Kushwaha [7] , the harmonic potential energy per unit cell for ZB structure compounds can be written as
where ϕ SM and ϕ T B are the potential energies of ZB structure compounds in the framework of rigid shell model (RSM) and three-body interaction, respectively.
The secular determinant, for determining the angular frequencies of vibration for the crystals may be obtained by solving the characteristic equation
for various wave vectors q in the reciprocal space. The * e-mail: akkphys_bu@yahoo.com symbols k, k = 1, 2 represent the type of atoms in the unit cell and D αβ (q, kk ) are the elements of dynamical matrix.
Results and discussion

Lattice dynamical properties
Our three-body shell model involved 11 parameters as A,
and Z , where A, A 1 , and A 2 are two-body short-range parameters between Si-C, Si-Si, and C-C, respectively, γ 1 , γ 2 , and γ 3 are three two-body short-range parameters, α 1 and α 2 are electronic polarizbilities, d 1 and d 2 are distortion polarizabilities and Z -effective charge parameter. The procedure of calculation of force parameters for 3C-SiC is given elsewhere [7] . The input and calculated output parameters for the 3C-SiC is shown in Table I . Using the eleven calculated parameters, we have calculated the phonon dispersion relations for 3C-SiC in three high symmetry directions, as shown in Fig. 1 , and these results [7] , third line calculation [8] . are in good agreement with the available experimental results [2] . We have also calculated the zone-centre and zone boundary phonons for 3C-SiC and these are listed in Table II along with the previous experimental and theoretical data [3, 8] . Phonon density of states has been calculated by the Blackman sampling technique [9] . For the calculation of phonon density of states and the Debye characteristics temperature we have used the method given in the literature [10] . The calculated phonon density of states and the variation of the Debye characteristics temperature with the absolute temperature are shown in Figs. 2 and 3, respectively.
Elastic and related properties
For cubic systems, we have three elastic constants C 11 , C 12 , and C 44 and these are calculated by the method given in the literature [11] . The calculated elastic constants and related properties such as bulk modulus, compressibility, the Young modulus, shear modulus, the Poisson ratio and anisotropy factor are listed in Table III along with the previous experimental and theoretical results available in the literature.
TABLE III
Calculated elastic constants C11, C12, and C44 (GPa), bulk modulus B (GPa), compressibility coefficient K (GPa −1 ), shear modulus G (GPa), the Young modulus Y (GPa), the Poisson ratio σ, anisotropy factor A for 3C-SiC. First line -this work, lower lines -others. The calculated sound velocities along high symmetry directions and the Debye temperature for 3C-SiC are given in Table IV along with the previously calculated results [32, 15, 39] .
